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By E-d W, Perkine and Thomas N. C a r m i n g  

The results of an experimental investigation of the downwash 
and wake chazacteristics behind a recta;ngulas p-form wlng in a 
supersonic stream are presented. The aspect ratio of the wing was 
3.5 J and the a i r f o f l  section was a Fpercen-bthick, symmetrical, 
double wedge with maxhum thickness at -cent chord. The tests 
were made a t  a Mach number of 1.53 asd a R e y n o l d ~  lIumber, based on 
the wing chord length, of approximately 1.25 million. 

A comparison has been made between the downwash angles  predicted 
by the Unear theory and the measured d o w n .  angles. me qeri- 
mental trends of the variation of downwash -le with asgle of  attack 
a t  zero Uft in the SpBSKise, streanwise, and vertical  directions 
were similar t o  those predicted by the  linear theory, but fn most 
instances the eqperimental values were  s-tly greater  than  those 
given by theory. The comparison also f3h-d that the displacement 
of the vortex sheet and the resulting influence on the darnuash 
distribution must be considered in calculating downwash angles at 
finite angles of attack. 

For the lm+aspectrratio wing used in this investigation, the 
distortion of the vortex sheet behind the -tip region had a 
considera3le h u e n c e  on the position of the w e  and on the  
downwash distribution wi.thb a large  portion of the. induced flow 
field. In the region outboard of approxLmately the 3Ckpercent 
semfspan statim, the  distortion of the vort;ex sheet decreased the 
displacement of the sheet considerably from the value  calculated by 
the linear -theory. 

The genera3. characteristics of the friction wake Were slmilar 
t o  those observed W subsonic flow. With increasing distance behina 
the wing, the wake  expanded slowly, decreased in intensity, and, with 
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the Xing at  positive mgles of attack, moved ibwmard relative to 
the fre"&ea€a direction. 

A rational  approach to the longitudinal-8tability  problem of 
supersonic  aircraft;  requires knowledge of the doMwaah f ie ld  behind 
a lifting -face. Theoretical meehOd8 far treatment of this problem 
ha- been developed and applied to a lfmited lllzmber of cases. (See 
references I and 2.) ~h accordance with the uswd assumptias of the 
linearized theory, valid applicstiom of these  solutions are Uni ted  
to thin wings at vaalshingly small  angles of attack. In addieian, 
since the theory a s s m e s  that the f lu id  is indscid, the  efTects of 
the wake are neglected. 

At &sonic  speeds, thsoretical dawnwash calculated by m e a m  
of a  siqplified l i f - t inpl lne theory has yielded  satisfactory agree+ 
merit with eqper3men-t only when modified to account for both the 
displacement of the shed vortex sheet and the effects of the  wake. 
'PhR necessaz-y eqpirical modiflcatians to the  basic theory m e  
determined as the result of a &er of experimental investigations. 
(See  reference 3. ) ~lmilsr~g, h strpersolr~c flow, exper- must 
be depended qon to determine the limits of applicability of the 
linemized inviscid theory.  At present, there are only two published 
reports, which are readily available,  dealing with experimental 
investigations of the induced flaw field behind lifting  surfaces in 
aqpersonic flow (references 4 and 5)3 in neither  instance has a 
parisan been made vith the theory now available. 

. 

In order to -de a comparison xith the predictianrr of the 
linear thew, a general investigatian of the damwash and  wake behind 
severa l  KLng p l m  f o r m  has been undertaken at the h e  Aeronaurtical 
Laboratory. The present report presents $he result8  for a rectangular 
King. 

C wing chord,  inches 

a Xing m e  of attack, degrees 

H free-stzeam total pressure, poupds  per s ~ u a r e  fnch absolube 
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difference between the pitot pressure at a pow in the Hake 
and the pitot  pressure in the free stream, paunaS per 
square inch  absolute (The p i to t  pressure i s  the  pressure 
measured by a pitot tllbe In either mibsonic flow, where 
this pressure is equal t o  the l oca l  total pressurey or in 
sqersonic flow, where this  pressure is equal t o  the local  
t o t a l  pressure of the flow behina a normal. shock  wave.) 

longituainal, lateral, and normal coardlnates with the orig3n 
a t  the leading edge of the root section and the x axis 
corresponding t o  the fr-tream dlrection. 

The experimeneal investigation was performed in the Ames 
1- by +foot aqeraonic wind tunnel No. 1, ahich i s  a closed"retura, 
miablepressure tunnel. A more coqlete description of the wind 
tunnel and associated empent is  colrtaimd fn reference 6. !the 
Mach mer wit& the t e a t  sectfon of the fixed nozzle was anrod- 
mately 1.53. 

The m o d e l  used for the t e s t s  was a seruispan model of a rectas- 
gular Klng of aspect r a t i o  3.5 e t h  a Fpercentithick, eynrmetrfcal, 
doziblewedge section w i t h  mFurlmrmr thickness at =cent chord. 
The dimensians of the wfng and its orientation on the qort plate 
me shown 5n Figure 1. The wing surface3 were ground sramth but 
were not polished. The lea- and trailfng edges m e  finished t o  
0.001-inch radius and the wlng t i p  vas cut off parallel t o  the fie* 
stream direction with no -tip fhiring. Thus the  mrca%-thick 
double-wedge section was continuous over the entfre span. 

The model was mounted on s thin circular plate, termed the 
boundarplayer plate,  positioned in the ecnn so &s t o  byipsss the 
tunnel- b0undax-y layer between the plate and the tunnel sidewall. 
(See fig. 1.) Wi%h this method of .muntlng, the area of the wing 
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which WSB influenced by the 'boundmplapr flaw along the plate vas 
considerably less than if the ytng had been momlied on the tunael 
wall, for only the  relatively thfn boundary layer which starbed a t  
the upstream  e@ of the plate influenced the flow over the  model. 
This plate yas tapered in the streamwise direction BO that the 
bounhrplayer by=pass chtmml expanded in the dasmstreerm direction; 
as a result, supersonic flow W ~ S  maintained in the channel. 

Since the determin&tim of the induced flow field behind a 
lifting wing requires accurate measurement of RKBU flow deflections . 
and, consequently, a &ream M c h  is free of disr;urbances other than 
those due t o  the l i f i i n g  surface itself, tbe f ollar lng precautions 
were taken t o  minimize possible  interference due t o  the model-aqpport 
f3pteIU: 

1. The test-section 6ide of the boundary-layer p h t e  was ground 
f l a t   t o  a tolerance of f0.002 inoh. 

2. !The &ire cimzanference of the plate xas beveled on the 
by-pass-chasnel side t o  a sharp knife-edge as  hdicated in  figure 1. 

3. The plate was alined as closely as  possible with the fke+ 
stream direation Fn order t o  reduce the intensity of the pressure 
disturbance from the sqpersonic portion of the leading edge. 

However, from the results of static-pressure surveys made parallel  t o  
the fre&ream direction in 8 horfzmta l  p3.Fmn which included the 
tunnel &xis, a Usturbasce which passed across the outer 
portion of the Xing was known t o  exist. The results of these  pressure 
surveys ahd the  locatton and magtrLtude of the pressure dietmbance are 
described in more detail in reference 7. 

I n s t n m e t i o n  

Measurenmrts of the w e  in the local dowmmsh angles with 
angle of attack of the a i r f o i l  were made with two different devlces: 
a 30' ccme with two pressure orifices synmaetricdlly  disposed, one on 
top and one on the bottom, and a 10' wedge with five sets of 
symmetrically disposed orifices. (See fig. 2. ) 

In order to make skple, direct  cqarisone between the experi- 
mental ana theoretical values of de/&, the measurement of the 
dovarash angles should be point measuremests. However, asy set of 
orifices an the wedge indicates a stream angle m c h  is aep"t cm 
the stream-emgle variation over that p e r t  of the leading edge of the 
wedge included within the Mach forecones Fram the orifices. !I.!hw, In 



a region xhere the stre-e gradient along the wedge yas c-, 
only an average ralue of the stream  angle was obtained from each set 
of orifices. For  the wedge, %he length of leaafng edge included 
within the Mach forecones from a set of orifices is -0xlmately 
18 percent of the ping semispas. Ih order t o  reduce t h i s  source of 
inaccuracy asd t o  m o a &  more cloaely a porn measurement of the 
stream  angle, a c m e  was substituted far the wedge. For the cone, 
the  effective length included within the Mach forecones of the ori- 
fices is less than  2 percest of the wing semispan. Camparisan of 
stream-mgle measurements made with the e w e  and wedge showed that 
either instrumsrt was suitable far measuring stream angles. 

A t  each angle of atback of the a i r f o i l  the instrmezrbs =re 
pitched so as to  obt;ain zero pressure difference between the syme% 
ricslly aisposed arfFlces. 5us, the chaage in the angle of null 
pressure d2fference and the correspondhg change in wlng angle of 
attack are A€ and u, reepectively. 

The viscous wake of the w h g  was m y e d  Kith a rake of p i t o t  
M e s .  (see ffg. 2(b) .] w rake cansistAd of 39 pitot m s  with 
O . ~ i n c h  vertical spacing mounted on a ~&icaJ.  mggOrt blade. Tbe 
t u b e s  m e  placed alternately on each side of the blade so that a 
spau3ng of 0.10 inch was naintahed betmen tubes. !lkb w s  believed 
adequate to avoid possible  interference between aajaoent tubes, since 
it is estimsted that the minbuum Mach n m h r  in the wake at the 
survey staticma was S u i f i c i e l y  superscrnic t o  preclude aqy nnrtual 
interference effects vihich mi@t have influenced the pressures a t  
adjacent W k s .  Zhe support blade was mcnarted on a traverse bar 
slmilas t o  that used for the ccmes, tbm pemt-tting a cqplete spar+ 
KTse survey a-b eaoh of the two w&+mrrvey stations. E8ch of the 
tubes in the rake was aomected to a tube in a multLpl+Mbe 
manometer f i l l ed  with tetrahmoethase, d the pi-ssure 
profiles were recorded by photographing the masmeter board. 
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In these tests, the model was considered t o  be the wing in a 
C a n V e n t i o I t a l  config4.ration of Kln%lt;ail coslbinatlaa with the stream- 
angle meamlng device substituted for the uBu&L tail surfkce a t  
various positiarns above the extended chord plane and daRns.f;ream of 
the trai- edge. 'Izle positions of the four dammash survey 
stations and 4x0 wake survey statians are ehown in figure 1. These 
stations were placed, in a manner, ccaqpatible with the -art system, 
so as t o  provide a easure of the dDwnwash field in the vicinity of 
the most probabLe ta i l  lmation. 

. 

With the wing in&alled and a streanwuqle Iseasuring dedce 
mnmted as shown in figure 3, the aggle of attack of the Kfng was 
varied between the lM%s of *loo, and the resulting changes In 
dowmash angle at the m y  points &termbed. !J!h pito.bpressure 
profiles were obtained at each of the two wake survey statim 
(stations 5 and 6) for angles of attack of the of oO, 3O, 6O, 
and go. 

All t e s t s  xere made at a tunnel t o t a l  pressure of r8 pounds 
per  square h.ch  absolute which gives a test Reynolds nuuiber of 
appr0"l.y 1.25 m i l l i o n  based on the wing chord. The Bpeciflc 
bnmiditg of the atr was mafntained below 0.0003 pound of water per 
pound of dry &ir, a v&lm at which condensation effects are negligible. 

Since the aqgle of attack of the model was changed rotat- 
the entire support system, it was necessary t o  apply carrections t o  
the  data obtained with the wlng in place to account for both ths 
f l a w  deflections .tndrmed by rotatian of the sqpport systena and the 
~~nunifamnity of the Free stream. At each survey polnt, the ohangea 
i n  local stream a n g l e '  accaqmying c-s in angle of attack of the 
=ode1 mort system with no model in place were measured f o r  an 

tions, m c h  xere used ia reduction of the data 88 poMSbyywfnt 
corrections, showed: 

eungle"attadk rasge of *:loo. The reaulta of them Etceam callbra- 

1. A t  ststion I ( ~ 2 c ,  d.350) streawmgle c-es were 
negligible throughouf the  agl-fettack range. 

2. At station 2 (x+@, d . 3 5 ~ )  a mximum stream angle of 0.3' 



Wake 
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the Mach nudber or velocity  profiles through the wake. 

The f o l l o l n g  consideration of the possible sources of inacc- 
racy in the determination of the downvash sngle hdicaeea an estimated 
possible error of f0.10' in any one dawnwash angle. These sources of 
error ere: 

1. Strcmwmgle m i a t i o n  in the undisturbed stream at the 
position of the WiDg 

i 

2. Sensitivity of the stre-e  ins-tmments 

3. Measuremerrt; of the stream m e  both for stream celtbration 
and for tests with the wing in  place 

4. M e a 8 " t  09 the angle of attack of the wing 

The effect of the stre- vsriatlan in the undisturbed 
stream a t  the position of the wing as well 88 possible  errors  arising 
from the  sensitivity of the streareangle instmmnts are cansidered 
negligible throughout the asgle-of-atteck range. Measurement of all 
angles, that is, stremu angle with the wing art, or  in place and the 
wing angle of attack, were made w i t h  8 vernier protractor with a 
least  comt of 0.1'. If a possibh error of o n e + a ~ ~  of the  least 
count is assumed for each of these  eagles esd the squsre root  of 
the sum of the s q m s  of these assumed errors is taken in a c c o r c l ~ ~ ~ ~ e  
with the method of reference 8, the t o t a l  possible error in e t  is 
slightly  less than fO.lOO. On thl.8 basis, the poseible error in 
determining (de/da)d is slightly less than k0.04. 

In determining the  profiles of pito-bgressure lo s s  in the wake, 
the  principal eources of error are: 

1. Znexact pressuxe measurements due t o  unavoidable differences 
fn the shape of tube openings (No atteng)t has been made t b  
eWuate this error, but it i s  believed t o  be small. ) 

2. !&J= observed bending of individual total-head tubes, which 
introduces an estimated error of f0.025 inch in the loca- 
tion of any particulas. plotted point in the profile 

3. 'pbe 0. O g r z l c h  vertical spacing of the tubes, which e v e s  an 
estimated gossible er ror  in location of the wake u r n i t s  

1 
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with  respect t o  the.rake of +0.023 inch 

4. !&e possible inaccuracy in m e a s u r i n g  the  position of the 
rake relative t o  the wing, which is estimated a8 k0.m lnch 

The gum of e r rors  1 and 2 is sufficiently  large  to  Justify 
fairing the curves  without passing through each point. The s q w e  
root  of  the sum of the squares of errors 2y 3, and 4 yields a total 
estimated >ossible error in location of the wake of kO.061 inch or 
f0.021 chord length. 

B the application of lfnearized theory t o  the problem of detex- 
mining the  characteristics of the induced flow field behind 8 lifting 
surface, the  surface i s  considered to be at infipitesindly small 
asgles of attack so th s t  it is  contained completely in the xy plane 
with the x axis corresponding to.the fre-tream direction. The 
trailing vortex sheet i s  assumed t o  l i e  in the plane of the wing asd 
t o  extend unchanged t o  infinity. H o w e v e r ,  mder l i f t i n g  cmdttions 
this simplified  picture must be altered t o  account f o r  the sew- 
induced movement of the vortex system. - subsonic f l o w  (reference 3) , 
it has been found that the shed vortex sheet is rapidly displaced 
downward and deformed so that it curves into a channel of constantly 
fncreasing depth and a s t e n d s  rapidly as it proceeds t o  r o l l  up like a 
volute about the t i p  vortex cores. It has been shown that for purposes 
of predict3ng the average downwash over a t a l l  m a c e  f o r  convention& 
wing-tail' combinations in subsonfc f l o w y  the ro3-e; ug of the trailing 
vortex sheet may be neglected. Satisfactory agreement  between eqmi-  
ment  and theory may be obtabed if the trailing vortex  sheet i s  con- 
sidered t o  be displaced vertically by a a  amount equal t o  the displac* 
ment of the center line of the actual  distorted vortex sheet. This 
displacement is  readily  calculated  sfnce the vortex  sheet passes 
through the trailing edge of the a i r f o i l  and its fncUnatian is 

. everywhere equal t o  the downwash angle at that point. Thus, a t  a 
p0-t P 

For the pazticular arrmgement qployed in these tests, where- 
the points at which the dowmash angles were t o  be determined were 
always above the extended  chord plase, me change in displacement of 

c 
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Calculetiom of this nature have been performed far eauh of i&e 
a m y  points and tbs results have been ploCted in figure 4. Tbe 
approach used t o  obtain these curves was different fkam the method 
wed for sascmic flow in referenue 3 Zn that the displacement of 
the vortex  sheet at each of the spmdse  survey points was evalua-ted 
end used t o  oalculate the resulthg chdssge in de/&& af that point 
rather than basing the change in a/& op the disphcemdi of the 
vortex sheet at the plane of symmetry. 



. 

The experbenta7 results ahow that. a* tmy semispa positim 
(ac/h),=- increases ~ l t h  ip~reas- distance ~ t r -  *can the 
trailing edge and decreases with increasing  distance above the 
extended chord plase  as th.e theory predicts. At  st&Won 1 the agree 
m e a t  betmen the theory and the ~ e r i m e a t a l .  results is very good 
over the entire a n g l ~ f - a t t a c k  mmge tested except a t  the l-erc&- 
semispas position. A t  m y  s t a t i m  2, 3, a& 4, relatively good 
agreement Sa obtained at the I+ d 3 ~ c e n t - s e m i s p a n  positions. 
Ea~ever,  a t  the and 7 ~ e r c e n h e m i s p m  positions the m i -  
mental. results differ consideraBly from the  theoretical values, 
particularly a t  positive angles of attaek. Both the m e s f  tbe0z-y 
and the ex perm^ results show that the -e of a e / b  a-t, the 
survey po-ts increases  as the angle of attack i s  increased. 
-very the increase in between -loo ana the 
positive angle of attack, shown by the experimental results, is 
greater thas predicted, by the linear theory. In each instance, 
de/& increases more rapidly in the posttive asgl-f'ttack range 
and decreases more rapidly with 3ncreasing negative  angle of attack 
than the linear t h o r y  predicts. This phencnllenm $8 cansfstat  with 
the results which w X L l  be shown later, wherein the vortex sheet 
behtnd the -tip region generally mwes darnwsrd less  rapidly 
aith fncreas- positive angle of attack thas the theory predicts. Tbus, as the mgle of attack is increased in the posit ive -1-f- 
attack range, t& &ex sheet is  closer t o  the survey points than 
the  theory  predicts. ConsequemkAy, the downwash at each of these 
points is greater than the theoretical. C o n r e r s e l g ,  in the negative 
a n g l ~ f 4 t t a c k  raage, the vortex sheet is farther *om the survey 
point than the theory predids Etnd the damaad~ is less than the 
theoretical. 

At the g ~ c e n t - s e n d s p a n  positions, even though the dis- 
placement of the vorb& aheet is different f'rm that predicted by 
theory, little effect on the dmmrash is  fe l t  Over a large -f- 
attack range,  because both the experbnerrkl results and the  theory 
indicate that de/&& fs equal t o  zero for a considerable  distance 
sbme asd below the 8m-ve-y points. 2 h e m = f 0 r e y  changes in distance 
between the m y  poWs'a;ad the wake carter  Une will have little 
effect on the downwash predicte8. and measured at this spamJise posi- 
tion for a considerable "tt8ck rmge. A% statiana 1, 2, and 
3, the eqerinmhl results show practically zero domuash a t  n e e  
tive angles of attack. A t  statim 2, there is a sharp break in the 
merimentaL hta between a ; = ~ 1 / 2 O  s ~ a  wo followed a portion 
of the c m  tbt indicates decreasing doxnwEtsh. This break i s  
probably associated ld.th the  position of the -tip vortex rela- 
tive t o  the survey instrument; h m ,  sufficient data aze not 

I 
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available t o  analyze the flow cadttions. 

!two additional f’actors which would tend t o  cause the dawIlRash 
t o  depart f’rm that predicted by linear theory for f’intte angles of 
attack may be  suggested as f o l l m :  

1. Interaction between shock wave and bomdaxy layer a t  
trw edge.- Femi (reference .9) has shown that shock-ve 
boundarplayer interaction aan came separation of the boundary layer 
ahead of the trailing edge on the loypressure  surface of a lifting wing. This f l o w  sepsratian is accompanied by a loas in lifting 
pressure between the separation  point and t r a i l h g  edge, asd, in 
addition, by a movement of the origin of the trailing vortex  &et. 
Tbe calculations of tbe doanwash angles at finite angles of attack 
are baaed m the sseumptian that the -ling eQe is the origin of 
the vortex sheet. However, the f l a w  separation on the 1owLpreeeure 
side of the m o i l  wwuld cause the or ig in  of the vortex sheet t o  be 
displaced from the ~~ edge t o  the 1-essure side of the 
a i r f o i l  and would thw. change the  effective vertical location of any 
point in the flm field from that assumed in the theoretical a;nalysie. 

2. Detachment of the leading-edge chock wan .- It can be seen 
frm the experfrmeatal results that at laze nsgative angles of attack 
there was a large decrease in da/& at m e t  of tbe survey points. 
This decrease may be the result of the dis%ortion of the vortex sheet 
previously considered. H o w e v e r ,  &p additfonsl factor which may 
contribute t o  the observed decrease i s  the detauhment of t h  le- 
edge shock wave. For the WercenMhick, doubl-dge afr io i l  
section used for this wing, the le  shock wave detaches at 
an angle of attack of a p p r o x l r m a t e Q w a  Cree-stream Mach nuntber 
of 1.53. This shocbi-wave may result in a redistribueion 
of the doxarssh within the Induced flow field e c h  may in turn 
result in a decrease in the damnash a t  the 8urvey point. Emever, 
it should be pointed art th-t no net decrease i n  doxmTash mer the 
entire induced flow field wwld be anticipated  since eqpermta3, 
r e d t s  for a similar rectangulsr ~ ~ n g  (reference 10) have ahown 
that,nof only does lift ccmt3nue t o  increase at angles of attack 
greater than that f o r  which the shock waTe detaches, but also the 
lif++curve slope continues t o  Fncrease. 

Wake 

. 

The p i to t  pressureloss profi les  p r e s e d  in figure 5 tndicate .- 

the I.ocation, thickness, and intensity of the wake for several - 



semispan positicms at survey stations 5 ELnd 6 wbich were 3 . 3 and 5.0 
chord lengths af t  of the leading edge, respectively. The horizontal 
reference Une used in this figure is a Ume dram in the ire-tream 
direction through the lea- edge of the a i r f o i l .  As can be seen 
frm this plot, the general chmacteristios of the wake are similar 
t o  those obserred fL nibsonic flow. With tbe wing a t  a positive 
angle of attack, the wake expanda slowly, decreases in intensity, 
and moves downyard relatdve to the  free-stream reference line with 
Wreasing aistawe behhd the wing. m the qeaxwise direction the 
intensity of the wake x ~ a 8  greatest at the  lwercerrtriremispan s ta t im 
and least at tbe mercerri; station; whereas, at the three brtermediate 
s t a t i m ,  the wake was of amoxtmtely equal Wtezmity. B general, 
the spaswlse vaxiatlan of the mke t h i c b s s  was sirnilas. 

* A spanwise plot of the -per limit of the Rake (fig. 6 )  refleuts 
both the w&~~&ichnees  distribution a& tbe integreted effects of 
the damwash on the wake position. Although the Rake appe8xs t o  be hiaer at  etatian 5 than at s ta t im 6 a t  do, tbis difference hew is  HtIxIn the -tal acouracy of the measurements. €5-e 
the wake expands s l w ~  between the two stations, the mer Burface 
of the ia probably s u t l y  higher at station 6. Illhe greater 
thiclmess of the wake behhd the ning root causes the upper llmit of 
the wake t o  be somewbat higher st the root than at the tip. Ih 
addition, since the vertical location of tbe wake at any spElswise 
position is determined by the Vsriatian in the stream directian 
from the Xing leading edge t o  the m y  position of the aownWash a t  
thevortexaheet,t;hewEiltewillbehigfierbehlndtheroottbaa33ehfnd 
the t i p  at  survey statione 5 and 6 of tb difference in the 
streanrwise variaticm of dawnvash angle. A considerable region of zero 
damwash exists a t  the vortex sheet behind the trailing edge of the 
root sectim,  since, ip accordance nith the %heoretical considera- 
tions of reference 1, the downwash is zero at a31 pokbs ubich are 
bbhind the plane wave fram the trailing edge and outside the Mach 
cone from the  leadhg-edge tip. Flo comparable region of zero 
msh is found B e h i n d  the tip. Therefore, 6ince the follaws 
the dowmraah, it is agpasent that for m a l l  distances Behind fihe 
airfoil the aiqlacement of the wake will. be greatest behind the tQ 
asd least 1- the root. 1% shauld be noted that in figure 6 the 
position o f  the wake %a referred t o  the extended chDlld plane of the 
wing rather than a plam parallel t o  the Free  stream esd pass- 
thrw the leading edge of the wing t o  whioh the d i @ a c " t  is 
normally referred. 

- The position of the wake center line, which i s  assuned t o  be - coincident with the shed vortex sheet, has been determkned eqeri-  men- at  vestaua m e s  of attaok at survey s t a t i m  5 and 6. 

'L 
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The results 8118 plotted in  figure 7 f o r  comparieon Kith the positions 
calculated by means of the ulrear theory. The accuracy of  the 
experimRntal determination of the position of the wake center line 
is relatively poor, be- only about &2 percent of the wing chord. 
The agreement obtained letween experiment esd theory in the vertfcal 
plane of symmetrg indicates tbat the linear theory  may be  used t o  
de.termine the wake location in the p m  of s y m ~ t r y  at these di+ 
tasces behina the Xing. However, outboard of approdmately  the 

the experimental results show that the vortex sheet was displaced 
from the free-stream direction by an amount  which was less than that 
predicted by the theory. Since the wake must follow the burrwash, 
it is  apparent that in this region the dmmwash at the vortex sheet 
i s  less than that predicted by theory. However, no actual measure- 
ments were made in the wake to sqport  a s  contention. The shape 
of the cu~ve defining the positicm of the wake c a t e r  l3x.e in the 
region behind the wing t i p  suggests that the rollinpup process is 
be- t o  take place. 

3*ercerrbe&lispan position, the agreement is poor. In this regton, 

The results obtained in this lnvestigatian  indicate f;hat the 
methods presented in reference 1 are  sufficient fo r  &terming de/& 
a t  -0. However, the displacement of the vortex sheet and the 
resulting  effect0 an the domsm*sh aistributian must be considered 
in calmikting dcm~~~&sh angles at f in i t e  angles of attack. In 
ctddition, it appears that the displacement snd distortion of the 
vortex sheet in the r e g i a  behind the wing t i p  has considerable 
influence on the dmmuash distributian within a Urge portion of the 
hdiuced flow ffeld.  

The results also indicate that the linear theory can  be  used t o  
calculate the displacement of the wake, or shed vortex m e t ,   a t  the 
vertical plane.of symtetry at distances 'behind the vlng campsrable 
t o  the test  range. Ib the  region outboard of approximately 30 percent 
of the wing semispas, t he  distortIan of the vortex syetem decreases 
the displacement of the sheet, cocnsidersbly fron the values calculated 
by thl= l2near theory .  

Ames Aeronautical Laboratory, 
KaticudL Advdsory Camnittee f o r  A-~ics, 

Moffett Field, C a l i f .  
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A// dimensions are in  inches. 

Figure 1. - Skefch of mode/ supporf sysfem showhg 1ocofiim of survey sfufions. 
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(a,# Stream-angle  instruments.  
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Figure 2.- Downwosh and wake-survey insfrumenfs. 
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figure 2. - Concluded. 
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(6) Wake-survey roke. 

I 



. 



21 

(a) Sketch shrrvlng the psitian of the rrfng and stre-e 
wedge relative to the Mach copes which forrm the bolmdrzrfes 
of the ~11pp0r-t interf?erence region. 

. 

v 
A- 127 59 

. 
=@re 3.- Sketch of  test section. __ 



. 



NACA RM No. A m 6  

(u) X= 2c, IS 0 . 3 5 ~ ~  St0.1. 

Figure 4.-  V a r i a t i o n  

ung/e o f  a f f u c k  

of downwash angle with 
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Figure 4. - Con fhued. - 
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(C) X 0 3 C  z=O.70CJ sfu.3. 

Figure 4.-Confinued. 
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f igure 4.--Conc/uded. - 
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-./Z "08 " 0 4  0 -./Z -.08 t04 0 

Figure 5 . -Prof / /es  of  pifof pressure /oss fhrougb viscous 

w a k e  of  recfangulur wing.  a 03.' 
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Percent semispun 

Figure 6.- Posi t ion  o f  t h e  upper l i m i t  o f  the v/scous 

woke re/utivs to the extended chord p/one. . 
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